t-Butyloxycarbonyl (t-BOC) blocked compounds based on the protection of phenolic groups, e. g. poly-4-hydroxystyrene derivatives, Bisphenol A type dissolution inhibitors, or onium salt photoacid generators, have found widespread research interest for photoresist systems with excellent photosensitivity and high resolution power. We have made an extension of this approach using new phenol type polymers. This contribution presents first details on the chemistry of these systems and results of their lithographic evaluation as positive tone photoresists for UV4, UV3 and especially, UV2 applications.
Introduction
The use of the acid labile t-butyloxycarbonyl (t-BOC) group as a protecting reagent for amines in peptide synthesis is well documented since about 25 years [1] . During the early eighties, Ito and Willson have introduced this moiety as an efficiently working protective group for phenolic polymers, especially poly-4-hydroxystyrene derivatives (PHS), in photoresist applications [2] . The protecting group is imagewise cleaved from the polymer through a strong non-nucleophilic acid produced by a radiation sensitive photoacid generator (PAG) to yield free phenolic functionalities. While the protected parts may be developed with organic solvent-containing developers to yield a negative image, the more hydrophilic phenolic groups are attacked by an aqueous alkaline developer to form a positive image. Excellent results with respect to resolution and photospeed have been reported even at an early stage of this development; however, several drawbacks, such as the poor adhesion on silicon substrate materials, a thin surface inhibition layer, and the delay time problem have postponed its introduction into a production-near environment for several years. Meanwhile, several modifications of this approach have reached considerable attention in research [3] , and very recently, the manufacture of memory devices using deep UV technologies has been reported, however in the easier to handle negative tone scheme [4] . To remedy the adhesion problem, partially protected PHS polymers were described as components in UV2 sensitive photoresists for the manufacture of 1 MB and 4 MB DRAMs recently [5] . Despite as an auxiliary base to give quantitative yields of the desired t-BOC protected monomers, which are pure enough to be used without further purification.
Although some steric hindrance is expected especially for the protected catechol derivatives, the t-BOC blocked monomers can be copolymerized with t'ie unprotected monomers in any ratio to obtain copolymerization products with a finely tuned amount of blocking.
Starting from the corresponding aminophenols and methacrylic anhydride, the respective hydroxyphenylmethacrylanilides are obtained in reasonable yields as white crystalline solids. Their synthesis is quite facile, as the reaction proceeds in water as the solvent (cf. Figure 1 ). The conversion of the free hydroxyl groups containing compounds into the t-BOC blocked monomers was also achieved with di-tbutyl carbonate in the presence of an auxiliary base.
The purified products were obtained as white crystals with melting points around 100°C.
Polymer Properties
As outlined above, both the copolymerization of the unprotected and the protected monomers proceeds smoothly under radically induced polymerization processes. A more detailed study has been conducted using homo-and copolymers of the catechol and hydroquinone monomers. Under standard conditions (THF, AIBN, reflux) the molecular weights of the respective polymers are in a range comparable to that of poly-4-hydroxystyrene, e.g. 10.000 -30.000 m.u. As depicted in Figure 5 the adhesion is to more practical dissolution characteristics.
However, even the above formulation has only a transmission of about 0. Free carboxylic acid groups in the polymer are no contradiction to the fact that an acid catalized system is concerned. The t-BOC deprotection is not catalyzed by carboxylic acids. Even methanesulfonic acid is not efficient as a catalyst.
The thermal stability of this system is excellent compared to classical DNQ/novolak systems. The thermally induced decomposition temperature was determined by gravimetric analysis to be 155°C.
Deformations or bubbles typically observed in t-BOC based resist systems were not detectable below 135°C even in larger resist structures (20µm*20µm).
Although the aromatic content of the hydroxyphenylmethacrylate polymers obviously is inferior to novolak, the etch stability in fluorine and oxygen plasmas is comparable.
These resist formulations were subjected to a KrF excimer laser stepper exposure. At a a dose of I Photopolym. Sci. Technol., Vol. 4 , No.3, 1991 gain control of it. As a consequence, we consider hydroxyphenylmethacrylates a more than attractive alternative to hydroxystyrene-based resist systems.
